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(57) ABSTRACT

A lhight-emitting-clement housing member 1ncludes: a bot-
tom base material having a first surface, and a mounting part
on the first surface on which a light emitting element is to be
mounted; and a frame member that includes side walls
erected on the first surface to surround the mounting part,
and an opening that penetrates through one of the side walls.
The opening includes an inner edge having a first side and
a second side, the first side extends along the first surface
and 1s arranged at a position close to the bottom base
material, and the second side extends along the first surface
and 1s arranged at a position far from the bottom base
maternial, and the second side 1s longer than the first side. An
array of the plurality of light-emitting-element housing
members, and a light emitting device are also described.

23 Claims, 12 Drawing Sheets
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LIGHT-EMITTING-ELEMENT HOUSING
MEMBER, ARRAY MEMBER, AND LIGHT
EMITTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a national stage entry according to 35
U.S.C. 371 of PCT Application No. PCT/IP2018/034407
filed on Sep. 18, 2018, which claims priority to Japanese

Application No. 2017-179061 filed on Sep. 19, 2017, which
are entirely incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a light-emitting-element
housing member, an array member, and a light emitting
device.

BACKGROUND

Recently, a need has developed for a projector or a
head-mounted display used for projecting an 1mage, a light
emitting device of which light emitting source 1s a semi-
conductor laser, for example. The semiconductor laser has
teatures that light emitting intensity i1s high and light con-
densing property 1s well (see Patent Literature 1, for
example).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
open No. 2016-167492

SUMMARY

A light-emitting-clement housing member includes: a
bottom base material that includes a first surface, and a
mounting part on the first surface on which a light emitting
element 1s to be mounted; and a frame member that includes
side walls erected on the first surface to surround the
mounting part, and an opening that penetrates through one
of the side walls, wherein the opening includes an inner edge
having a first side and a second side, the first side extending,
along the first surface and arranged at a position close to the
bottom base material, and the second side extending along
the first surface and arranged at a position farther from the
bottom base material than the first side, and the second side
1s longer than the first side.

With an array member, the plurality of light-emitting-
clement housing members 1s connected.

A light emitting device according to the present disclosure
includes a light emitting element mounted on the mounting
part of the light-emitting-element housing member.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an exploded perspective view schematically
illustrating embodiments of a light emitting device.

FIG. 2 1s a cross-sectional view taken along a line 11-11
illustrated in FIG. 1.

FIG. 3 1s an exploded perspective view illustrating other
modes of the light emitting device.

FIG. 4 1s a cross-sectional view taken along a line 1v-1v

illustrated in FIG. 3.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 5 1s a cross-sectional view schematically 1llustrating
other modes of the light emitting device.

FIG. 6 1s an exploded perspective view 1llustrating other
modes of the light emitting device.

FIG. 7 1s an exploded perspective view 1llustrating other
modes of the light emitting device.

FIG. 8 15 a cross-sectional view taken along a line viii-viii
illustrated 1n FIG. 7.

FIG. 9 1s a cross-sectional view schematically illustrating,
other modes of the light emitting device.

FIG. 10 1s a plan view schematically illustrating embodi-
ments of an array member.

FIG. 11 1s a process diagram illustrating fabrication of a
laminated molded body to be used for a light-emitting-
clement housing member.

FIG. 12 1s a conceptual diagram illustrating an evaluation
device for obtaining a light-emitting intensity ratio of the
light emitting device.

DESCRIPTION

FIG. 1 1s an exploded perspective view schematically
illustrating embodiments of a light emitting device. FIG. 2
1s a cross-sectional view taken along a line 11-11 1llustrated 1n
FIG. 1. FIG. 3 1s an exploded perspective view 1illustrating
other modes of the light emitting device. Note that the
cross-sectional view taken along the line 11-11 illustrated 1n
FIG. 1 mdicates a surface perpendicular to a first surface 7a
through the line 11-11. A direction directed by arrows at both
ends of the line 11-11 indicates a direction in which the
cross-sectional view taken along the line 11-11 1s viewed. The
cross-sectional view taken along the line 1v-1v illustrated 1n
FIG. 3 indicates a surface perpendicular to a first surface 27a
through the line 1v-1v. A direction directed by arrows at both
ends of the line 1v-1v mdicates a direction 1n which the
cross-sectional view taken along the line 1v-1v 1s viewed.

A light emitting device A includes a light-emitting-ele-
ment housing member 1, a light emitting element 3, and a Iid
part 5. In the light emitting device A, the light emitting
clement 3 i1s stored in the light-emitting-element housing
member 1. The Iid part S 1s arranged so as to put a 1id on the
light-emitting-element housing member 1. The light-emiat-
ting-element housing member 1 includes a bottom base
material 7 and a frame member 9. The bottom base material
7 has the first surface 7a opened to the upper side, and a
second surface on an opposite side of the first surface 7a.
The bottom base material 7 includes a base 11 arranged on
the first surface 7a. A surface of the base 11 includes a
mounting part 12 for mounting thereon the light emitting
clement 3. In the bottom base material 7, a surface opposite
to the first surface 7a 1s the second surface.

Heremaftter, for convemence of explanation, a space that
1s surrounded by the lid part 5, the bottom base material 7,
and the frame member 9 may be referred to as a space part
13. Behind the frame member 9 arranged on the bottom base
matenial 7, there are arranged two terminals for power
source 14a and 14b that are used for connection to an
external power source.

The frame member 9 1s placed on the first surface 7a of
the bottom base material 7. The frame member 9 1s arranged
so as to surround the mounting part 12. The frame member
O 1ncludes side walls 9a, 954, 9¢, and 94 that are erected on
the first surface 7a. The Iframe member 9 includes an
opening 135 1n one (in this case, 9a) of the four side walls 9a,
9b, 9¢, and 9d. The opening 15 penetrates through the side
wall 9a.
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The opening 15 1ncludes, as an inner edge 15 A, a first side
15a that 1s extending along the first surface 7a and 1s
arranged closer to the bottom base material 7, and a second
side 15¢ that 1s extending along the first surface 7a and 1s
arranged further from the bottom base matenial 7. In this
case, the second side 15¢ 1s longer than the first side 15q 1n
the mnner edge 15A.

With reference to FIG. 1, in the light-emitting-element
housing member 1, a length “L.2” of the second side 15¢ 1s
longer than a length “L1” of the first side 15a, which are
constituting the opening 15. Namely, 1n the opening 15, a
width (length “L.2”) of the inner side 15¢ 1s wider than a
width (length “LL17) of the inner side 13a. The opening 15
has a shape of which top side i1s longer than bottom side.

For convenience ol explanation, a line segment Ls 1s
illustrated 1n FIG. 2 1n order to divide the light emitting
clement 3 1n 1ts thickness direction. Assume that a side upper
than the line segment Ls of the light emitting element 3 1s an
upper portion 3a. Assume that a side lower than the line
segment Ls of the light emitting element 3 1s a lower portion
3b6. The line segment Ls divide the space part 13 of the light
emitting device A into an upper region 13a and a lower
region 13b. The upper portion 3a and the upper region 13a
are included 1n a region 1n which white arrows direct upward
from the line segment Ls as boundary. The lower portion 356
and the lower region 135 are included 1n a region in which
white arrows direct downward from the line segment Ls as
boundary.

In the light-emitting-element housing member 1, the
mounting part 12 1s arranged at a position having a height
where the center of the light emitting element 3 1n 1its
thickness direction 1s the center of the opening 15 1n its
height direction.

When the light emitting element 3 has a ligh light
emitting intensity, such as a laser element, emits light, the
light emitting element 3 1itself goes mto a high temperature
state. The temperature of the vicinity of the light emitting
clement 3 becomes high 1n accordance therewith. In such a
case, mside the space part 13 1n which the light emitting
clement 3 1s arranged, there presents difference in the
temperature between the upper region 13a and the lower
region 135 that are divided by using the line segment Ls
illustrated 1n FIG. 2. In FIG. 2, for example, atmosphere gas
in the space part 13 whose temperature has risen goes
upward, and thus a temperature of the upper region 13a 1s
higher than that of the lower region 135.

The light emitting element 3 1s easily aflected by the
temperature in its periphery, and there presents diflerence in
a light emitting output power between a portion having a
high temperature and a portion having a low temperature.
When a temperature of the upper portion 3a 1s higher than
that of the lower portion 35 1n a thickness direction of the
light emitting element 3, a light emitting output power of the
upper portion 3a 1s higher than that of the lower portion 35
in the thickness direction of the light emitting element 3, and
thus a light emitting intensity of the lower portion 35
becomes small.

The light-emitting-element housing member 1 1s capable
of reducing difference 1n a light emitting intensity between
the upper portion 3aq¢ and the lower portion 35 1n the
thickness direction of the light emitting element 3. Even in
a case where a light emitting output power of the upper
portion 3a 1s lower than that of the lower portion 35 in the
thickness direction of the light emitting element 3, when an
upper side of the opening 15 of the light-emitting-element
housing member 1 1s widened, it 1s possible to reduce
difference 1n a light emitting intensity of light emitted from
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the opening 15 between the upper portion 3a and the lower
portion 35 1n the thickness direction of the light emitting
clement 3.

A light emitting device B according to other modes
illustrated 1n FIGS. 3 and 4 will be compared with the light
emitting device A. Reference symbols of parts of the light
emitting device B illustrated in FIGS. 3 and 4 are 21:
light-emitting-element housing member, 23: light emitting
clement, 25: lid part, 27: bottom base material, 27a: first
surface, 29: frame member, 29a, 2954, 29¢, 29d: side wall,
31: base, 32: mounting part, 33: space part, 35: opening,
35a: first side, 35¢: second side, L11: length (width) of first
side, and L.12: length (width) of second side.

The opening 35 of the light-emitting-element housing
member 21 1illustrated 1n FIGS. 3 and 4 1s rectangular-
shaped. Namely, in the opening 35, a length “L11” of the
first side 35a 1s equal to a width “L.12” of the second side
35c.

When the opening 33 is rectangular-shaped, a light emat-
ting output power of an upper portion 23a 1s lower than that
of a lower portion 235 1n the thickness direction of the light
emitting element 23, and light 1s emitted from the opening
35 while maintaining a state where the light emitting output
power of the upper portion 23a 1s lower than that of the
lower portion 236 1n the thickness direction of the light
emitting element 23, thereby leading to a large difference 1n
a light emitting intensity of light emitted from the opening
15 between an upper region 33a and a lower region 335 of
the space part 33.

On the other hand, in the opening 15 of the above-
mentioned light-emitting-element housing member 1, the
length (width) “L.2”" of the second side 15¢ 1s longer than the
1 “L1” of the first side 15a. In this case, a ratio L2/1.1
may be 1.05 to 1.20. When a ratio L2/L.1 1s equal to or less
than 1.20, the directivity of light output from the light
emitting element 3 1s able to be maintained.

The light-emitting-element housing member 1 may be
formed of ceramic. Specifically, all of the bottom base
material 7, the frame member 9, and the base 11, which are
constituting the light-emitting-element housing member 1,
may be formed of ceramic.

Moreover, the bottom base material 7, the frame member
9, and the base 11 may be integrally sintered. As such a
ceramic, for example, alumina, silica, mullite, cordierite,
forsterite, aluminum nitride, silicon nitride, silicon carbide,
glass ceramic, or the like 1s possible. It 1s possible that the
light-emitting-element housing member 1 contains, as a
main component, aluminum mtride (AIN) because 1ts ther-
mal conductivity 1s high and 1ts thermal expansion rate 1s
similar to that of the light emitting element 3.

Herein, “containing aluminum mitride as main compo-
nent” means that the light-emitting-element housing mem-
ber 1 contains equal to or more than 80% by mass of
aluminum nitride. Moreover, 1t 1s possible that the light-
emitting-clement housing member 1 contains equal to or
more than 90% by mass of aluminum nitride. When a
content of aluminum nitride 1s equal to or more than 90% by
mass, a thermal conductivity of the light-emitting-element
housing member 1 1s equal to or more than 150 W/mK, so
that 1t 1s possible to realize the light-emitting-element hous-
ing member 1 having an excellent heat dissipation.

A bonding layer (not 1llustrated) 1s arranged on an upper
surface of the frame member 9 constituting the light-emiat-
ting-clement housing member 1 1n order to bond the lid part
5. The bonding layer and the above-mentioned terminals for
power source 14a and 1456 may be formed by using metal-
ized films obtained by sintering metal powder. The metal-
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1zed film 1s able to be bonded, with a strong adhesive force,
to a surface of the ceramic constituting the light-emitting-
clement housing member 1. Thus, it 1s possible to realize the
light-emitting-element housing member 1 that has a high
reliability. When the bonding layer 1s a metalized film, the
airtightness of the space part 13 1s able to be improved.

Aplating film of N1 or the like may be formed on a surface
of the metalized film. Furthermore, on a surface of the
plating film, a plating film of solder or Au—Sn may be
formed.

The Iid part 5 may be formed of metal material, ceramic,
or the like. For example, kovar (Fe—Ni1—Co alloy) has a
high heat-resisting property and a high heat dissipation and
would be usable as the metal matenal.

In the light-emitting-element housing member 1 consti-
tuting the light emitting device A illustrated in FIG. 1, the
opening 15 has, as the inner edge 15A, a third side 156 and
a fourth side 154 directed vertically with respect to the first
surface 7a, which are forming a quadrangle between the first
side 15a and the second side 135c.

In the opening 15 of the light-emitting-element mounted
member 1, 1t 1s possible that a length “LL3” in vertical
direction with respect to the first surface 7a of the bottom
base material 7 1s longer than a length “L.2” of the second
side 15¢. The length “LL.3” indicates the maximum length of
lengths 1n the vertical direction with respect to the first
surface 7a of the bottom base material 7 between the first
side 15a and the second side 15c¢. It 1s possible that the
opening 15 1s vertically long (L3>L2). It 1s possible that a
ratio L.3/L.2 1s 1.05 to 1.20.

Commonly, a cross-sectional shape of light emitted from
the light emitting element 3 1s substantially vertically-long
cllipse-shaped. When a shape of the opening 15 1s vertically
long (LL.3>>1.2), the shape of the opening 15 becomes similar
to the cross-sectional shape of light emitted from the light
emitting element 3, so that 1t 1s possible to reduce a ratio of
light that 1s emitted from the light emitting element 3 and 1s
turther retlected from the side wall 9a of the frame member
9. Thus, 1t 1s possible to increase an amount of light passing
through the opening 15.

FIG. 5 1s a cross-sectional view schematically 1llustrating,
other modes of the light emitting device. Reference symbols
constituting a light emitting device C illustrated in FIG. § are
41: light-emitting-element mounted member, 43: light emiat-
ting element, 45: 1id part, 47: bottom base material, 47a: first
surface, 49: frame member, 49a, 49¢: side wall, 51: base, 52:
mounting part, 53: space part, 55: opening, 55A: inner edge,
S58a: first side, and 55¢: second side.

In the light-emitting-element housing member 41 illus-
trated 1 FI1G. 5, 1t 1s possible that the first side 354 closer to
the first surtace 47a, which 1s a surface of the bottom base
material 47, among sides constituting the inner edge 35A of
the opening 55 1s positioned at a height similar to that of the
first surface 47q that 1s a surface of the bottom base material
4'7. Specifically, the first surface 47a of the bottom base
matenial 47 1s a part corresponding to the first side 554
among the sides of the opening 55.

For example, when the first side 55a closer to the first
surface 47a of the bottom base material 47 1s positioned at
a height similar to that of the first surface 47a of the bottom
base material 47, 1t 1s possible to enlarge a size (area) of the
opening 35. As illustrated 1n FIG. 5, when the light emitting
clement 43 1s placed on the mounting part 52 that 1s an upper
surface of the base 51, it 1s possible to increase an amount
of light passing through the opening 55 from a lower region
53b of the space part 53. In this case, 1t 1s similarly possible
that the mounting part 52 of the base 51 1s arranged at a
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height where the center of the light emitting element 43 1n
its thickness direction 1s a center portion of the opening 55
in its height direction.

FIG. 6 1s an exploded perspective view 1llustrating other
modes of the light emitting device. Reference symbols of
parts ol a light emitting device D 1llustrated 1n FIG. 6 are 61:
light-emitting-element housing member, 63: light emitting
clement, 65: l1id part, 67: bottom base material, 67a: surface
of bottom base material, 69: frame member, 69a, 695, 69c,
69d: side wall, 71: base, 72: mounting part, 73: space part,
75: opening, 75a: first side, 755: third side, 75¢: second side,
and 75d: fourth side.

The light-emitting-element housing member 61 illustrated
in FIG. 6 1s different in a shape of the opening 75 from the
light-emitting-element housing member 1 illustrated 1n FIG.
1. A width W between the third side 756 and the fourth side
75d of the opening 75 formed 1n the light-emitting-clement
housing member 61 is curved and increased from a side of
the first surface 67a of the bottom base matenal 67 toward
a side of an upper part of the frame member 69. In other
words, the opening 75 1s opened 1n a skirt shape from the
side of the bottom base material 67 toward the side of upper
part of the frame member 69. In other words, an interval
(reference symbol 1s “W”’) between the third side 756 and
the fourth side 754, which constitute the mner edge 75A of
the opening 75, gradually increases from the first side 75a
toward the second side 75¢, and a ratio of enlargement of its
length accordingly increases.

Each of the third side 7556 and the fourth side 754 of the
mner edge 75SA of the opening 75 has a shape convexly
curving toward the inside. In a case where each of the third
side 756 and the fourth side 754 has a shape convexly
curving toward the inside, the opening 75 1s diflicult to be
deformed even when the temperature of the space part 73 1s
high, compared with the case where each of the third side
75b and the fourth side 734 1s linearly shaped. Thus, the
light-emitting-element housing member 61 i1s capable of
maintaining a stable light emitting intensity. Each of the
iner sides 756 and 75d of the opening 75 has a shape
convexly curving toward the inside, so that 1t 1s possible to
improve the directivity and light condensing property of
light emitted from the center portion having a high light
emitting intensity.

FIG. 7 1s an exploded perspective view 1llustrating other
modes of the light emitting device. Note that the cross-
sectional view taken along the line viii-vin illustrated 1n
FIG. 7 indicates a surface perpendicular to a first surface 87a
through the line viii-vii. A direction directed by arrows at
both ends of the line viii-viun indicates a direction 1n which
the cross-sectional view taken along the line viti-viin 1s
viewed. FIG. 8 1s a cross-sectional view taken along a line
vii-vil illustrated 1n FIG. 7. A light emitting device E
illustrated 1n FIG. 7 1s based on the light emitting device A
illustrated 1n FIG. 1. Reference symbols of parts of the light
emitting device E are 81: light-emitting-element housing
member, 83: light emitting element, 85: lid part, 87: bottom
base material, 87a: surface ol bottom base material, 89:
frame member, 89a, 895, 89¢, 89d: side wall, 89aa: external
surface of side wall 89a, 89ab: non-arranged part, 91: base,
92: mounting part, 93: space part, 95: opening, 95A: 1mner
edge, 95a: first side, 955: third side, 95¢: second side, 934

fourth side, 97: transparent member, and 99: bonding mate-
rial.

The light emitting device E includes the transparent
member 97. The transparent member 97 1s arranged on the
external surface 89aa on an outer side of the frame member

89 constituting the light-emitting-element housing member
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81. The transparent member 97 has a configuration to cover
the opening 95 via the bonding material 99. The transparent
member 97 1s arranged on the external surface 89aa of the
side wall 894 of the {frame member 89. In this case, the
transparent member 97 1s bonded to the external surface
89aa of the side wall 89a of the frame member 89 via the

bonding material 99.

There 1s left a portion to which the bonding material 99 1s
not applied 1n the periphery of the opening 95 of the external
surface 89aa of the side wall 89a. The portion to which the
bonding material 99 1s not applied may be referred to as the
non-arranged part 89ab. In other words, there presents the
non-arranged part 89ab on which the bonding material 99 1s
not arranged in the periphery of the opeming 935 of the
external surface 89aa of the side wall 894. The non-arranged
part 89ab 1s a part of the external surface 89aa of the side
wall 89a of the frame member 89. The bonding material 99
1s not close to the inner edge 95A of the opening 95. The
bonding material 99 1s applied to a position that 1s separated
from each of the first side 95a, the second side 95¢, the third
side 955, and the fourth side 954 by a predetermined width
Ws.

Thus, 1t 1s possible to reduce possibility that light having
passed through the opening 95 1s absorbed into the bonding,
material 99. In other words, 1t 1s possible to reduce attenu-
ation of light generated from the light emitting element 83.
As a result, an amount of light having passed through the
opening 95 1s large, and thus light emitting intensity
becomes high. Depending on a size of the light-emitting-
clement housing member 81, it 1s possible that the width Ws
of the non-arranged part 89ab 1s 0.1 to 100 um.

The transparent member 97 1s arranged 1n such a manner
that a part of the transparent member 97 1s embedded 1n the
bonding material 99. The state 1n which a part of the
transparent member 97 1s embedded in the bonding material
99 15 a state 1n which the bonding material 99 1s bonded not
only to a principal surface 97a but also to an edge surface
97b of the transparent member 97. Therefore, 1t 15 possible
to 1ncrease a bonding area between the transparent member
97 and the bonding maternial 99. Thus, i1t 1s possible to
improve the airtightness of the opening 95.

The transparent member 97 1s 1n a state where the
transparent member 97 1s mounted on the bonding material
99 arranged on the external surface 89aa of the side wall 89a
of the frame member 89. The transparent member 97 1s not
in contact with the external surface 89aa of the side wall 89a
of the frame member 89, and 1s separated from the external
surface 89aa. The transparent member 97 1s not 1n contact
with the frame member 89, and thus the transparent member
97 hardly receives eflects of the temperature and the thermal
expansion of the frame member 89. The transparent member
97 1s hardly aflected by the frame member 89. The trans-
parent member 97 becomes diflicult to be bent and further
becomes difficult to be distorted. Thus, the light having
passed through the transparent member 97 1s hardly
refracted and 1s further hardly reflected.

Furthermore, the transparent member 97 1s separated from
the frame member 89, and thus even when seam welding 1s
performed so as to bond the lid part 85 to an upper surface
of the frame member 89, 1t 1s possible to reduce thermal
stress generated between the transparent member 97 and the
frame member 89. Accordingly, 1t 1s possible to prevent a
crack from occurring in at least one of the frame member 89
and the transparent member 97, or further to prevent at least
one of the frame member 89 and the transparent member 97
from being broken.
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It 1s possible that the light-emitting-element housing
members 1, 41, 61, and 81 respectively include bases 11, 31,
61, 71, and 91 protruding from the first surfaces 7a, 47a,
67a, and 87a of the bottom base materials 7, 47, 67, and 87.
Heremafter, for convenience of explanation, the members
and reference symbols thereof illustrated 1n FIGS. 1 and 2
are used 1n explanation of a base. It 1s needless to say that
the parts illustrated herein may be applied not only to the
light-emitting-element housing member 1 1llustrated 1n FIG.
1, but also to the light-emitting-element housing members
41, 61, and 81 1illustrated in FIGS. 5 to 8.

In the light-emitting-element housing member 1, the base
11 1s arranged 1n a position separated from the frame
member 9. A periphery of the base 11 has a height same as
that of the first surface 7a of the bottom base material 7. In
other words, the base 11 has a structure protruding from the
first surface 7a of the bottom base material 7 1n an 1sland
shape. The mounting part 12, which 1s a surface of the base
11, 1s arranged 1n a position that 1s higher than the first
surtace 7a of the bottom base material 7. The surface of the
base 11 1s the mounting part 12.

When the base 11 1s placed on the bottom base material
7 and the surface of the base 11 1s used as the mounting part
12 of the light emitting element 3, the light emitting element
3 1s accordingly arranged at a position that 1s higher than the
first surface 7a of the bottom base material 7. Thus, 1t 1s
possible to prevent light radiated from the light emitting
clement 3 from being reflected from the first surface 7a of
the bottom base material 7, or from being absorbed in the
first surface 7a of the bottom base maternial 7. It 1s possible
to ease reduction in an amount and reduction in light
emitting 1ntensity of the light radiated from the light emat-
ting element 3. In this case, as illustrated 1n FIG. 5, 1n the
opening 15, 1t 1s possible that the first side 15a closer to the
first surface 7a of the bottom base material 7 1s arranged at
a position having a height same as that of the first surface 7a
of the bottom base material 7. When the base 11 1s arranged
on the bottom base material 7 and the opening 15 1s extended
toward the lower side, it 1s possible to reduce attenuation of
light generated from the lower portion 35 of the light
emitting element 3.

FIG. 9 1s a cross-sectional view schematically 1llustrating,
other modes of the light emitting device. In this case, the
members and reference symbols thereof illustrated 1n FIGS.
1 and 2 will be used except for the base 11. The light-
emitting-element mounted member 1 1illustrated 1n FIG. 9
indicates a structure 1n which a surface (surface of base 11A)
of the mounting part 12 of a base 11 A 1s inclined with respect
to the first surface 7a. In the light-emitting-element housing
member 1 1llustrated i FIG. 9, the surface of the mounting
part 12 of the base 11A 1s inclined with respect to the first
surface 7a. Hereinatter, the surface of the mounting part 12
may be referred to as a mounting surface 12a. In FI1G. 9, a
reference symbol “Lsl” 1s provided to a line segment
(two-dot chain line) that divides the light emitting element
3 between the upper portion 3a and the lower portion 35 1n
the thickness direction of the light emitting element 3. In
FIG. 9, the line segment Ls (dashed line), which 1s illustrated
in FIG. 2, 1s also illustrated for comparison. The line
segment sl 1s 1n a direction along the mounting surface
12a, and thus 1s 1n a direction that 1s inclined with respect to
the opening 15.

Specifically, the mounting surface 12a 1s formed to have
a slope by an elevation angle when viewing the space part
13 from the opening 135 side. In a case of the structure 1n
which the mounting surface 12a has an elevation angle from
the opening 15 side, when the light emitting element 3 1s
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mounted on the mounting surface 12a and emits light, a
position obtained by extending a center axis (line segment
L.s1) of the emitted light 1n the opening 15 1s on a lower side
than the center position of the opening 15. Namely, the
center position of the emitted light 1s closer to the first side
15a positioned on a lower side of the opening 15 than the
second side 15¢ positioned on an upper side of the opening
15. When the center position of the emitted light is closer to
the first side 15q positioned on a lower side of the opening,
15 than the second side 15¢ positioned on an upper side of
the opening 15, a ratio of the emitted light spreading over the
upper portion 3a of the space part 13 1s reduced. Thus, a rise
in the temperature of the upper region 13a of the space part
13 1s reduced. As a result, 1t 1s possible to reduce difference
in a light emitting intensity of light emitted from the opening
15 between the upper portion 3a and the lower portion 35 1n
the thickness direction of the light emitting element 3.

It 1s possible that an angle with respect to the first surface
7a of the mounting surface 12a of the base 11A 1s equal to
or more than 0.5° and equal to or less than 5°. When the
angle with respect to the first surface 7a of the mounting
surface 12a of the base 11 A 1s equal to or more than 0.5° and
equal to or less than 3°, it 1s possible to reduce the ratio of
emitted light spreading over the upper portion 3a of the
space part 13. Moreover, 1t 1s further possible to reduce a rise
in the temperature of the upper region 13a of the space part
13. Furthermore, 1t 1s possible to reduce a deviation 1n a
direction of the emitted light.

It 1s needless to say that the structure, 1n which the surface
(surface of base 11A) of the mounting part 12 of the base
11A 1s inclined with respect to the first surface 7a, may be
similarly applied not only to the above-mentioned light-
emitting-element housing member 1 illustrated in FIG. 1,
but also to the light-emitting-element housing members 41,
61, and 81 illustrated 1n FIGS. 5 to 8.

FIG. 10 1s a plan view schematically 1llustrating embodi-
ments ol an array member. An array member 100 illustrated
in FIG. 10 1s obtained by connecting a plurality of light-
emitting-element housing members 101A. To the light-
emitting-clement housing member 101A, for example, the
light-emitting-element housing member 1 illustrated 1n
FIGS. 1 and 2 among the above-mentioned light-emitting-
clement housing members may be applied. It 1s needless to
say that the light-emitting-element housing member 101A
constituting the array member 100 may be similarly applied
not only to the light-emitting-element housing member 1
illustrated 1n FIGS. 1 and 2, but also to the light-emitting-
clement housing members 41, 61, and 81 1llustrated in FIGS.
> to 8.

The light emitting device has a configuration 1n which the
light emitting elements are mounted on the respective
mounting parts of the light-emitting-element housing mem-
bers 101 A constituting the array member 100, and a lid part
1s provided to an upper surface ol the frame member
constituting the light-emitting-element housing member
101A.

In a case of a configuration 1n which the light-emitting-
clement housing members 101 A are connected with each
other, multi-chipping 1s able to be implemented while main-
taining a shape and a size of the light-emitting-element
housing member 101 A. Thus, a small-sized light emitting
device obtained by integrating a plurality of light emitting
clements 1s able to be obtained. In this case, it 1s possible that
the connected light-emitting-eclement housing members
101 A are sintered to be integrated. The thermal conductivity
between surfaces of the light-emitting-element housing
members 101 A becomes higher than that in a case where the
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light-emitting-element housing members 101A are con-
nected with each other by using a material other than the
material constituting the light-emitting-element housing
members 101A, such as a connector, so that 1t 1s possible to
obtain an array-type light emitting device having a high heat
dissipation and a high intensity.

Moreover, each of the light-emitting-eclement housing
members 101A has a configuration 1n which an upper side of
the opeming 1s wider than a lower side thereof, so that 1t 1s
possible to reduce difference 1n light emitting intensity
between the upper portion and the lower portion 1n a
thickness direction of the light emitting element.

Next, a method for fabricating the above-mentioned light-
emitting-clement housing member 1 and the light emitting
device A will be explained. FIG. 11 1s a process diagram for
fabricating a laminated molded body for a light-emitting-
clement housing member.

First, as illustrated in FIG. 11(a-1), there 1s prepared a
raw-groundwork molded body 111 for molding. The raw-
groundwork molded body 111 contains ceramic powder and
organic binder, and has characteristics of plastic deformation
during 1ts formation.

Next, as illustrated in FIG. 11(a-2), the groundwork
molded body 111 1s pressurized by using a molding metal die
113. Thus, a main molded body 115 1s able to be fabricated,
which 1s to be a lower portion of the light-emitting-element
housing member 1. In this case, a metal layer pattern may be
formed on a surtace of the groundwork molded body 111 1n
order to simultaneously therewith form a conductor such as
a terminal for power source.

On the other hand, as illustrated in FIG. 11(b-1), there 1s
prepared a sheet-shaped molded body 117. Next, as illus-
trated in FIG. 11(5-2), the sheet-shaped molded body 117 1s
pressurized by a convex metal die 119, and the sheet-shaped
molded body 117 is hollowed out by removing its center
portion so as to fabricate a frame-shaped molded body 121.

Next, as illustrated in FIG. 11 (¢), the frame-shaped
molded body 121 fabricated in the process (b-2) 1s over-
lapped with an upper side of the main molded body 115
fabricated 1n the process (a-2) and they are integrated with
cach other so as to fabricate a laminated molded body 123
to be used for the light-emitting-element housing member.
By overlapping the frame-shaped molded body 121 with the
main molded body 115, a part of the frame-shaped molded
body 121 becomes a bridge part 121a of the opening formed
in the laminated molded body 123. Next, the laminated
molded body 123 1s fired to obtain the light-emitting-
clement housing member 1.

As described above, 1n FIG. 11, there 1s exemplified the
method for fabricating the light-emitting-element housing
member 1 1llustrated in FIGS. 1 and 2; however, the above-
mentioned fabricating method 1s not limited thereto, and
when changing a shape of the molding metal die, for
example, the light-emitting-eclement housing members 41
and 61 1illustrated 1n FIGS. 5 and 6 may be fabricated.

In order to fabricate a connection-type molded body to be
the array member 100, first, there are prepared the ground-
work molded body 111 and the sheet-shaped molded body
117 whose sizes have been adjusted, on the other hand, there
are prepared a connected-type molding metal die obtained
by connecting the plurality of molding metal dies 113 and a
connected-type convex metal die obtained by connecting the
plurality of convex metal dies 119.

Next, by using the connected-type molding metal die and
the connected-type convex metal die, pressurized forming
and laminating are performed on the groundwork molded

body 111 and the sheet-shaped molded body 117 whose sizes
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are adjusted, so as to fabricate the connection-type laminated
molded body to be the array member 100.

Practical Example

Hereinafter, light-emitting-clement housing members,
whose shapes of the openings were according to modes
illustrated 1n FIGS. 1, 3, 6, and 9, were specifically fabri-
cated, the light emitting devices to which the light-emitting-
clement housing members were applied were fabricated, and
their light-emitting intensity ratios were evaluated.

There were prepared a groundwork molded body and a
sheet-shaped molded body that were fabricated by mixing (1)
mixed powder, which was obtained by mixing powders
including a ratio of 94% by mass of aluminum nitride
powder, 5% by mass of Y,O, powder, and 1% by mass of
CaO powder, and (11) acrylic binder.

Next, on one of surfaces of the groundwork molded body,
there were formed (1) a metal layer pattern to be a terminal
for element for supplying electric power to a light emitting
clement and (11) a metal layer pattern to be a terminal for
power source. On a surface of a part that was to be a frame
member of the laminated molded body, there was formed a
metal layer pattern that was to be a ring-shaped bonding
layer to be bonded to a lid part. Moreover, on a surface
(reverse face) opposite to the surface on which the metal
layer patterns to be the terminal for element and the terminal
for power source were formed, a metal layer pattern to be
wiring for connecting the terminal for element and the
terminal for power source with each other was formed. The
metal layer pattern was formed by a screen printing method
using electrically conductive paste containing tungsten pow-
der.

Next, a main molded body was fabricated from the
groundwork molded body by the method illustrated in FIG.
11. Moreover, a frame-shaped molded body was fabricated
from the sheet-shaped molded body.

Next, the frame-shaped molded body and the main
molded body were overlapped with each other to be inte-
grated with each other, and a laminated molded body to be
a light-emitting-element housing member was fabricated.

Next, the fabricated laminated molded body was fired 1n
reducing atmosphere for two hours under a condition whose
maximum temperature was 1800° C. The fabricated light-
emitting-element housing member after the firing had shape
of width 2.5 mmxlength 4.2 mmxthickness 1.08 mm. An
opening of each fabricated light-emitting-element housing
member was vertically-long-shaped. Vertically-long-shaped
means that the maximum length 1n a direction perpendicular
to the surface of the bottom board 1s longer than the
maximum length 1n a direction along the surface. A side of
an mner edge of the opening, which was closer to a surface
of the bottom base material, was 1 a position having a
height same as that of the surface of the bottom board.

Next, a Ni-plating film having a thickness of approxi-
mately 5 um was formed on the conductor that was formed
on the surface of the fired light-emitting-element housing
member.

Next, i the opening of samples No. 1, 2, and 4, which
was formed in the frame member of the light-emitting-
clement housing member, L1 was 0.55 mm, L2 was 0.60
mm, and L.3 was 0.7 mm. In that of sample No. 3, both of
[L1 and L2 were 0.55 mm, and L3 was 0.7 mm. The
light-emitting-element housing member of sample No. 4
was obtained by inclining, by 1°, a surface of the mounting,
part of the base of sample No. 1 with respect to the first
surface. In this case, a center position 1 a longitudinal
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direction of the light emitting element and a center position
in the thickness direction were the same between sample No.
4 and sample No. 1.

Low-melting-point glass paste was applied to a periphery
of the opening and a glass plate was bonded thereto so as to
cover the opening. A glass plate having an anti-reflective
coating layer was employed for the glass plate. The low-
melting-point glass paste was arranged so as not to be

applied within a region whose distance from the opening
was equal to or less than 0.1 mm. In this case, the region
whose distance from the opening was equal to or less than
0.1 mm was a non-arranged part to which the low-melting-
point glass paste was not applied. The glass plate was
arranged on the low-melting-point glass paste so as not to be
in contact with a frame member of the light-emitting-
clement housing member. In this case, the glass plate was 1n
a state where a part of the glass plate on the opeming side was
embedded 1n the bonding material.

Next, a light emitting element was bonded to a mounting
part of the obtained light-emitting-element housing member
by using Au—=Sn solder, and then a lid part made of kovar
was bonded to a ring-shaped conductor by a seam welding
method so as to fabricate a light emitting device. A semi-
conductor laser element (width 0.3 mmxlength 1.2
mmxheight 0.15 mm) whose oscillation wavelength was
462 nm was employed for the light emitting element.
Au—Sn solder was employed in bonding the light emitting
clement to the mounting part.

Next, with reference to an evaluation device illustrated in
FIG. 12, evaluation of a light-emitting intensity ratio in the
up-and-down direction was carried out on the light emitting
device that was obtained by mounting the light emitting
clement on the light-emitting-element housing member.
Specifically, a light emitting device 131 was mounted on a
printed wiring board 133. The printed wiring board 133 used
in the evaluation had a size of width 10 mmxlength 10
mmxheight 3 mm, and a flatness of a mounted surface on
which the light-emitting-element housing member was
mount was equal to or less than 5 um.

Specifically, as illustrated in FIG. 12, a part of a flat plate
135 on which emitted light 137 1s cast was divided into an
upper region 135q and a lower region 1355, photodiodes 139
were arranged 1n the center portion of the respective regions,
and a light emitting intensity in each of the regions was
detected. Next, a ratio (Iup/Iun) was obtained between a
light emitting intensity Iup of the upper region 135aq and a
light emitting 1ntensity ITun of the lower region 13556. The
number “n” of samples was 3 for each of the configurations,
and a corresponding average value thereof was obtained.
The light-emitting intensity ratios of the configurations are
illustrated 1 Table 1.

TABLE 1

Structure of Light-Emitting- Light Emitting

Sample Element Housing Member Intensity Ratio
No. (Shape of Opening) (Iup/Iun)
1 FIG. 1 0.9
2 FIG. 6 1
3 FIG. 3 0.6
4 FIG. 9 0.92

As obvious from the results illustrated 1n Table 1, light-
emitting intensity ratios of (1) sample No. 1 including the
light-emitting-element housing member whose configura-
tion was 1llustrated 1n FIG. 1, (11) sample No. 2 including the
light-emitting-element housing member whose configura-



US 11,362,484 B2

13

tion was 1llustrated in FIG. 6, and (111) sample No. 4
including the light-emitting-element housing member whose
configuration was 1llustrated 1in FIG. 9 were closer to “1”
than that of sample No. 3 including the light-emitting-
clement housing member whose configuration was 1llus-
trated 1n FIG. 3. A reduction 1n a light intensity 1n the upper
region of light generated from the light emitting element of
samples No. 1, No. 2, and No. 4 was small.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the broader
aspects of the various embodiments are not limited to the
specific details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general mnventive concept as defined by the appended claims
and their equivalents.

What 1s claimed 1s:
1. A light-emitting-element housing member comprising:
a bottom base material that includes a first surface, and
mounting part on the first surface on which a light
emitting element 1s to be mounted; and
a frame member that includes side walls erected on the
first surface to surround the mounting part, and an
opening that penetrates through one of the side walls,
wherein
the opening includes an inner edge having a first side and
a second side, the first side extending along the first
surface and arranged at a position close to the bottom
base material, and the second side extending along the
first surface and arranged at a position farther from the
bottom base material than the first side,
the second side 1s longer than the first side, and
a length of the opening 1n a direction perpendicular to the
first surface 1s longer than the second side.
2. The light-emitting-element housing member according,
to claim 1, wherein
the first side of the opeming 1s at a height of the first
surface.
3. The hight-emitting-element housing member according,
to claim 1, wherein
the inner edge of the opening 1s formed 1 a skirt shape
widening from a bottom base material side toward an
upper part side of the opening.
4. The light-emitting-element housing member according
to claim 1, wherein
a transparent member 1s arranged, via a bonding material,
on an external surface of the one of the side walls, and
the bonding maternial 1s not arranged 1n a non-arranged
part comprising a periphery of the opening in the
external surface.
5. The light-emitting-element housing member according,
to claim 4, wherein
a part ol the transparent member 1s embedded in the
bonding material on an opening side of the bonding
material that 1s closer to the opening.
6. The light-emitting-element housing member according
to claim 4, wherein
the transparent member 1s not 1 contact with the one of
the side walls.
7. The light-emitting-element housing member according,
to claim 1, wherein
the bottom base material includes a base protruding from
the first surface of the bottom base material, and the
base comprises the mounting part.
8. The light-emitting-element housing member according,
to claim 7, wherein
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the mounting part of the base 1s inclined with respect to
the first surface.

9. An array member comprising a plurality of light-
emitting-clement housing members according to claim 1
connected 1n an array.

10. The array member according to claim 9, wherein

the plurality of light-emitting-element housing members
are integrally sintered.

11. A light emitting device comprising:

a light emitting element mounted on the mounting part of
the light-emitting-element housing member according
to claim 1.

12. A light emitting device comprising:

the array member according to claim 9; and

a light emitting element arranged on the mounting part of
cach light-emitting-element housing member of the
plurality of light-emitting-element housing members
constituting the array.

13. A light-emitting-element housing member compris-

ng:

a bottom base material that includes a first surface, and
mounting part on the first surface on which a light
emitting element 1s to be mounted; and

a frame member that includes side walls erected on the
first surface to surround the mounting part, and an
opening that penetrates through one of the side walls,
wherein

the opening includes an iner edge having a first side and
a second side, the first side extending along the first
surface and arranged at a position close to the bottom

base material, and the second side extending along the
first surface and arranged at a position farther from the
bottom base material than the first side,

the second side 1s longer than the first side,

a transparent member 1s arranged, via a bonding material,
on an external surface of the one of the side walls, and

the bonding material 1s not arranged 1n a non-arranged
part comprising a periphery of the opening in the
external surface.

14. The light-emitting-element housing member accord-

ing to claim 13, wherein

the first side of the opening 1s at a height of the first
surface.

15. The light-emitting-element housing member accord-

ing to claim 13, wherein

the mner edge of the opening 1s formed 1n a skirt shape
wideming from a bottom base material side toward an
upper part side of the opening.

16. The light-emitting-element housing member accord-

ing to claim 13, wherein

a part of the transparent member 1s embedded in the
bonding material on an opening side of the bonding
material that 1s closer to the opening.

17. The light-emitting-element housing member accord-

ing to claim 13, wherein

the transparent member 1s not in contact with the one of
the side walls.

18. The light-emitting-element housing member accord-

ing to claim 13, wherein

the bottom base material includes a base protruding from
the first surface of the bottom base material, and the
base comprises the mounting part.

19. The light-emitting-element housing member accord-

ing to claim 18, wherein

the mounting part of the base 1s inclined with respect to
the first surface.
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20. An array member comprising a plurality of light-
emitting-clement housing members according to claim 13
connected 1n an array.

21. The array member according to claim 20, wherein

the plurality of light-emitting-element housing members 5

are integrally sintered.

22. A light emitting device comprising:

a light emitting element mounted on the mounting part of

the light-emitting-element housing member according
to claam 13. 10

23. A light emitting device comprising:

the array member according to claim 20; and

a light emitting element arranged on the mounting part of

cach light-emitting-clement housing member of the
plurality of light-emitting-clement housing members 15
constituting the array.
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